Bacterial diversity is believed to be controlled both by bottom-up and top-down mechanisms such as nutrient competition, predation and viral lysis. We hypothesise that lytic viruses create trophic niches within bacterial communities, and thus primarily control richness and evenness, while substrate composition primarily controls community composition, that is, the inhabitants of these niches. To investigate this, we studied diversity of mixed bacterial communities subject to viruses under different regimes of organic matter supply. From a predator-free inoculum, bacterial communities were allowed to develop in batch cultures where the organic substrate was either a single compound [glucose (G)] or more complex mixtures produced by phytoplankton [Phaeocystis pouchetii (P) or Thalassiosira sp. (T)]. Throughout the experiment, c. 98% of the sequences in treatment G belonged to the Gammaproteobacteria class, which dominated also in the initial phase of the other treatments [T (c. 87%) and P (62%)]. In treatment T, the composition shifted to a dominance of Alphaproteobacteria (c. 37%), while in P, the proportion of Gammaproteobacteria remained stable. Richness increased with increasing substrate complexity, while evenness remained similar in the different treatments. The results suggest that both substrate composition (bottom-up) and viral lysis (top-down) operate simultaneously in the control of bacterial diversity. Despite the reduction in factors supposed to influence prokaryote diversity, the system was still complex if taken into account the potential synergistic interactions within and between the remaining factors.
Introduction
Central to contemporary microbial ecology is the two-faceted effort of quantifying microbial biodiversity and understanding how biodiversity is controlled. Classes of environmental factors potentially contributing to biodiversity include spatial (Venail et al., 2010) and temporal (Connell, 1979) variability. In addition to such characteristics of the environment, trophic interactions, including competition for different substrates (Tilman, 1977) , the role of selective predators and the role of lytic viruses (Sandaa et al., 2009; Winter et al., 2010) , are believed to influence the diversity of microbial communities. The trophic factors of substrate, predatory and viral control obviously work in concert and are difficult to separate both experimentally and conceptually. To illustrate principles, models (Thingstad, 2000) have been developed using the simplifying assumption that predation on bacteria is nonselective. This is clearly an approximation, because studies have shown different combinations of resistance to predation and viral lysis in bacterial isolates (Simek et al., 2010) . To avoid this problem, we here have focused on the bottom-up control by organic carbon sources of different complexity, in combination with viral control, in predator-free cultures. A simplified conceptual description of this situation can be constructed where total abundance of individuals in the community is given by the amount of organic material available, while lytic viruses split this community into trophic niches, here termed 'host groups'. The number of such host groups is thus a measure of community richness, while the distribution of abundances of individuals among these host groups represents the evenness of the community. Which organisms that fill these niches should, however, depend upon the hosts' abilities to use and compete for the substrate(s) available. Community composition is therefore expected to be sensitive to the spectrum of compounds present in the organic supply. On the basis of these concepts, we wanted to test whether one could experimentally support the simplifying hypothesis that richness and evenness are properties primarily top-down controlled by viruses, while community composition is primarily controlled by the substrate(s) available.
Heterotrophic bacteria are known to have distinct carbon uptake patterns, depending on the molecular weight (Cottrell & Kirchman, 2000; Elifantz et al., 2005) and the availability of organic carbon compounds (Alonso & Pernthaler, 2006) . Glucose, as a low-molecular-weight carbon, is preferred by bacteria belonging to the Alphaproteobacteria (Elifantz et al., 2005; Alonso-Saez & Gasol, 2007) , but also bacteria belonging to the Gammaproteobacteria are known to be easily stimulated by high concentrations of glucose (Øvreås et al., 2003; Pinhassi & Berman, 2003; Harvey et al., 2006) . Extracellular DOC released by different phytoplankton communities differs in quantity (Wolter, 1982; Lancelot, 1983) and quality (Myklestad, 1995) . Thus, considering the varying carbon preferences of heterotrophic bacteria, the phytoplankton community will also play an important role in structuring the bacterial community (Pinhassi et al., 2004) .
A laboratory experiment was preformed to investigate the effect of substrate composition (bottom-up) and viral control (top-down) on the bacterial community. In two treatments, the bacterial community was provided with presumably complex carbon compounds released by two different phytoplankton populations -Thalassiosira sp. and Phaeocystis pouchetii, respectively. In another treatment, only a single carbon compound in form of glucose was added to the bacterial community. Further, a treatment with no additional carbon compounds was used as a control. Owing to differences in carbon supply, different species are expected to fill the created host niches in the four treatments. Host-virus interactions may also be different because of differences in host communities, and richness and evenness in host groups may therefore also change because of changes in the organic matter supply. As a first approximation, however, we hypothesise that host-virus interactions lead to the same number and size of niches. In this case, differences in substrate composition would be expected to give large changes in community composition, but only minor changes in richness and evenness indices. The dynamics within the bacterial community was determined by analysing 16S ribosomal RNA gene (rDNA) fragments with denaturing gradient gel electrophoresis (DGGE), while the bacterial community structure and diversity were analysed by construction of clone libraries and analysis of 16S rRNA gene sequences.
Materials and methods

Experiment setup
A laboratory experiment with four different carbon treatments, each with three replicates, was performed in an incubation cabinet (8°C, 24-h light) for 3 weeks in June 2010. On day 0, each flask was filled with 1.3 L seawater medium (IMR/2, 0.5 lM PO 3À 4 , 16 lM NO À 3 ) and 200 mL prefiltered (GF/F filter on top of a 0.8-lm polycarbonate filter) fresh seawater from Raunefjorden, Norway, (N60°15.587 E005°08.448, 5 m depth) including the ambient bacterial community. DOC was either provided by glucose (treatment G) or by one of the two phytoplankton populations; the diatom Thalassiosira sp. (treatment T) isolated from Kongsfjorden, Svalbard (Thingstad et al., 2008) , or the flagellate P. pouchetii (treatment P). Glucose was added in three times the Redfield ratio in terms of carbon relative to the phosphorus additions (159 lM C). One treatment without any additional carbon was used as a control (treatment C). Treatment T received additional silicate (16 lM) into the dialysis bags. Approximately 30 mL of the cultures (1.5-8.9 9 10 6 cells mL
À1
) was filled into dialysis bags (Spectra/ Por Biotech, Regenerated Cellulose Dialysis Membranes, MWCO: 10 000 Da) before placed in the flasks to avoid disturbance of the test bacterial assemblages by bacteria present in the phytoplankton cultures. Dialysis bags containing the glucose solution (treatment G) and empty dialysis bags (treatment C) were used for the other treatments. Three hundred millilitres from each culture was collected every second day for analysis, and the sampled volume was replaced each time with an equal volume of IMR/2 medium. Dialysis bags were replaced with new bags containing fresh algae culture or glucose solution concurrent with sampling.
Total number of bacteria and viruses
Bacteria and virus abundance were determined using a FACSCalibur flow cytometer (Becton Dickinson) equipped with an air-cooled laser providing 15 mW at 488 nm and with standard filter set-up. Flow cytometer instrumentation and methodology followed the recommendations of Marie et al. (1999) . The cells were fixed with glutaraldehyde for 30 min at 4°C (final concentration, 0.5%), snap frozen in liquid nitrogen and stored at À20°C until further analysis. Appropriate dilutions of fixed samples were prepared in 0.2 lm filtered TE buffer and stained with SYBR Green I (Invitrogen, Carlsbad, CA) for 10 min in the dark, either at room temperature for bacteria counts or at 80°C for virus counts. Fluorescent beads (Molecular Probes) were used as standard. The samples were analysed for 1 min and the discriminator set on green fluorescence. Discrimination of bacteria and virus populations was based on groups observed in scatter plots of SSC signal versus green DNA dye fluorescence (SYBR Green I). Cell numbers were calculated from volumetric measurements of instrument flow rate.
DNA isolation, PCR and DGGE
Sample volumes of 150-250 mL were filtered through a sterile 0.2-lm polycarbonate filter (47 mm) and stored at À20°C until further processing. Different sample volumes were a consequence of hampered filtration because of increasing bacterial biomass. DNA isolation, PCR and DGGE were performed as described in Töpper et al. (2010) . An internal standard for the DGGE gels was created using 16S rRNA genes amplicons of four bacteria isolates: Gelidibacter algens (DSMZ: 12408), Microbacterium maritypicum (DSMZ: 12512), Flexibacter aurantiacus (DSMZ: 6792) and Sulfitobacter mediterraneus (DSMZ: 12244). PCR amplification of F. aurantiacus and M. maritypicum 16S rRNA genes was performed as described previously (Töpper et al., 2010) , while G. algens and S. mediterraneus 16S rRNA genes were amplified using the primers 357f (Escherichia coli position 341-357), with 40-bp GC-clamp, and 907rM (E. coli position, 907-926), with a touchdown PCR program (94°C for 5 min; 10 cycles with 94°C for 1 min, 65°C for 1 min (À1°C/cycle), 72°C for 1 min; 25 cycles with 94°C for 1 min, 55°C for 1 min, 72°C for 1 min; 72°C for 10 min; 4°C).
Digitalised DGGE images were analysed using the program GEL2k (Svein Norland, Department of Biology, University of Bergen), which determines presence/absence and intensity of bands based on pixel intensity.
Cloning and sequencing
For generation of clone libraries, partial 16S rRNA genes were amplified with the same primers used for DGGE but without the GC-clamp. The PCR products were inserted into the vector pSC-A-amp/kan and transformed into competent E. coli cells (StrataCloneTM PCR Cloning Kit, Stratagene, California). Blue-white screening of transformants was performed by plating on agar plates amended with 100 mg mL À1 ampicillin and 5-bromo-4-chloro-3-indolyl-b-D-galactopyranoside (X-Gal) according to kit instructions. White colonies were picked and sent for sequencing at LGC Genomics (Berlin, Germany). The sequences were processed using the Ribosomal Database Projects (RDPII) Pyrosequencing Pipeline (http://pyro.cme.msu.edu/) and aligned to the closest relative in the GenBank database using BLAST (Zhang et al., 2000) . The chimera check was performed using the program Black Box Chimera Check B2C2 (Gontcharova et al., 2010) .
Statistical analysis
To capture the different host groups, threshold levels were set on 99% similarity for calculation of the OTUs. Shannon index (H′), Chao1 index (chao) and Pielou's evenness index (J′) of sequence data sets were calculated by complete linkage clustering (RDPII) with a 1% dissimilarity cut-off. To assess differences between Shannon indices of different treatments, adjusted t-tests and adjusted degrees of freedom (Redfield) were applied (Magurran, 1988) : 
Results
Total number of bacteria and viruses
The bacterial abundance was 2.6 9 10 4 cells mL À1 for all treatments in the beginning of the experiment (day 0, Fig. 1a ). During the experiment, highest bacterial abundance was measured in the glucose treatments, while the control treatments showed lowest cell numbers. Bacteria abundance increased in the phytoplankton treatments until day 10 [with a average peak at 1.7 9 10 7 cells mL À1 (T) and at 1.9 9 10 7 cells mL À1 (P)] and until day 12 in the glucose treatment (with an average peak at 2.8 9 10 7 cell mL À1 ), while the bacterial abundance of the control treatments increased only until day 6 (average peak at 1.1 9 10 7 cell mL À1 ). After a minor decrease in cell numbers on day 12, both of the phytoplankton treatments were characterised by another peak on day 18 (T, 2.2 9 10 7 cells mL
À1
) and day 16 (P, 2.1 9 10 7 cells mL À1 ), respectively. Until day 16, the bacterial abundance in the P treatments was higher than in the T treatments. After day 16, highest bacteria numbers were observed for the T treatments. At the end of the experiment (day 21), bacteria abundance decreased in all treatments and varied between 5.2 9 10 6 cells mL À1 (C) and 1.1 9 10 7 cell mL À1 (T).
The number of viruses accounted for 5.5 9 10 5 viruses mL À1 on day 0 and increased continuously in all treatments until day 21 (Fig. 1b) . Lowest numbers were observed in the control treatments (3.7 9 10 8 viruses mL
), while highest virus numbers were detected in the T and G treatments (7.1 9 10 8 viruses mL
).
In the P treatment, 5.6 9 10 8 viruses mL À1 were detected at the end of the experiment. In our predator-free system, the upper bound for total abundance of individuals in the prokaryote community should be limited by the amount of organic material available. In our experiment, we got the highest abundance of bacteria in the glucose treatment, followed by the two treatments with substrate from different phytoplankton cultures. Assuming a similar yield for bacterial growth in all treatments, this can be used to loosely estimate the production of organic material to 102 and 121 lM of glucose-equivalent material in the T and P cultures, respectively, as compared to the 159 lM glucose-C in treatment G.
DGGE
DGGE results indicate high stability within the bacterial community composition until day 12, prior to which the band pattern of the different sample days and different treatments were highly similar. After day 12, the band patterns changed in all treatments. Two gels, one before (day 8) and one after the observed changes (day 18), were digitalised for clarifying this development (Fig. 2) . The DGGE profile from day 8 presents eight bands at the same positions for the different treatments and parallels with one extra band in the glucose treatments (Fig. 2a) . The bacterial community on day 18 showed a different DGGE profile with 4-14 bands at 20 different positions (Fig. 2b) .
Bacterial community structure
A total of 96 clones for each treatment were sequenced, with each 48 clones from day 8 and day 18. Thereof, 81 (T), 86 (P), 88 (G) and 78 (C) sequences, respectively, were used for phylogenetic analysis. Highest sequence similarity was found to bacteria belonging to the classes Bacteroidetes, Actinobacteria, Alpha-, Gamma-, Epsilonand Deltaproteobacteria (Fig. 3 and Supporting information, Fig. S2 ).
Most sequences for each treatment were assigned to bacteria belonging to the Gammaproteobacteria class. This result was most pronounced in the glucose treatment where 97.7% of the sequences assigned to bacteria belonging to this class (Fig. 3) , with dominance on both day 8 and day 18. Out of these sequences, 93.0% from day 8 belonged to the Colwelliaceae family (Figs S1 and S2c), while 55.6% of the sequences from day 18 were assigned to bacteria belonging to the Vibrionaceae cluster ( Fig. S1 and S2c). Further, only 2.2% of the sequences from the glucose treatment were assigned to bacteria belonging to other bacterial classes as Epsilonproteobacteria and the Bacteroidetes.
In the phytoplankton and control treatments, bacteria belonging to Gammaproteobacteria accounted for 61.7% (T), 61.6% (P) and 52.6% (C), respectively, of total amount of sequences (Fig. 3) . Further, bacteria belonging to the Alphaproteobacteria [19.8% (T), 16.3% (P) and 14.1% (C)] and to the Bacteroidetes [7.4% (T), 17.4% (P) and 24.4% (C)] were the next abundant groups within these treatments. In addition, bacteria belonging to the Epsilonproteobacteria [4.9% (T), 2.3% (P), 9.0% (C)], Deltaproteobacteria [only in T (6.2%)] and Actinobacteria [only in P (2.3%)] were also detected.
The abundance of bacteria belonging to the Gammaproteobacteria did not change from day 8 to day 18 in treatment P and G, but a decrease in the numbers of bacteria belonging to this class in the same time period was detected for treatment T (from 87.0% to 28.9%) and C (from 63.4% to 40.5%) (Fig. 3) . In these two treatments, bacteria belonging to the Alphaproteobacteria [37.1% (T)] and Bacteroidetes [43.2% (C)] respectively dominated the bacterial community in the end of the experiment. For the two phytoplankton treatments and the control treatment, more than 50% of the sequences were assigned to bacteria belonging to Colwelliaceae or other families belonging to the Alteromonadales order (Figs S1 and S2a, b,d). All sequences assigned to bacteria belonging to the Alphaproteobacteria belonged to the family of Rhodobacteraceae.
Sequences were checked for chimeras with the program B2C2 (Gontcharova et al., 2010) . Sixty sequences of 333 were identified as chimeras (18%). Performing a second Fig. 3 . Taxonomic composition; percentage of Actinobacteria, Bacteroidetes, Gamma-, Alpha-, Epsilon-and Deltaproteobacteria in the treatments Thalassiosira (T), Phaeocystis (P), Glucose (G) and Control (C). The ratio is shown for the total amount of sequences (t), and day 8 sequences (8) and day 18 sequences (18) separately.
blast search of these chimeric sequences resulted in high query coverage (98-100%) to sequences in the GenBank database. We therefore decided to include these sequences in our analysis. An explanation for the classification of these sequences as chimeras by B2C2 might be that the database used by the program consists of bacterial sequences with full taxonomic information. As know, there are more unknown bacteria in the marine environment with no or rare taxonomic information (Pedros-Alio, 2006) . Owing to this, sequences that are most similar to uncultured bacteria might have been classified as chimera and, however, included in the analysis.
The Shannon index, and thus, diversity of the total amount of sequences, was significantly lower in the glucose treatment (2.94) than in the phytoplankton treatments [3.33 (T), 3.60 (P)] and the control (3.52) (Tables 1 and 2 ). While diversity in treatment T, P and C was higher on day 18 [3.03 (T), 3.04 (P), 2.97 C)] than on day 8 [2.45 (T), 2.82 (P), 2.80 (C)], the glucose treatment showed lower diversity on day 18 (2.39) than on day 8 (2.42). Assessed differences in Shannon indices showed significant results of the glucose treatment on day 18 but not on day 8 (Table 2) 
(G), 62 (C)] than on day 8 [61 (T), 57 (P), 21 (G), 55 (C)
] in all treatments. Most pronounced differences in richness were detected on day 18 with a Chao1 index of treatment P being more than four times higher than of treatment G and more than three times higher than of treatment T.
Discussion
In our grazing free experiment, we showed that substrate availability (bottom-up) affected the composition of the bacterial community. Bacterial richness, measured as different OTUs, increased with increasing carbon complexity, while evenness remained similar in the different setups. These results indicate that both substrate composition (bottom-up) and viral lysis (top-down) operate together in the control of bacterial diversity.
Bacterial community composition -substrate availability
Coastal bacterial communities have been shown to consist of generalists able to metabolize a wide variety of organic carbon compounds (Mou et al., 2008) , suggesting that the coastal prokaryotic community is less controlled by changes in the carbon reservoir than by other factors like trophic interactions and physical conditions. This is in contrast to our study where different carbon reservoirs resulted in major differences in the bacterial community compositions. However, our results also showed similarities in the bacterial community despite different carbon Table 1 . Calculated values describing diversity in the four different treatments: Shannon index (H′), variation of the Shannon index (VarH′), evenness (J′) and Chao1 index. Calculations were carried out for both, the total amount of sequences and day 8 and 18 separately. N represents the amount of sequences used for the respective calculations. Amount of cluster was determined using an identity threshold of 99% within the Complete Linkage Clustering analysis that was the basis for the calculations Fig. S2 ) present in all treatments. We may therefore suggest that the bacterial community in our experiment consisted of a mixture of specialists, specified on particular components, but also generalists that are able to degrade a variety of organic carbon compounds. The composition of the bacterial community in the simple carbon (glucose) treatment differed from the bacterial community in the phytoplankton treatments that are assumed to comprise a more diverse pool of carbon compounds (Figs 2 and 3, Fig. S2 ). In both the glucose and the Phaeocystis treatment, bacteria belonging to the Gammaproteobacteria dominated throughout the whole experiment, while Alphaproteobacteria (37.1% in treatment T) and Bacteroidetes (43.2% in treatment C) dominated in the end of the experiment in the Thalassiosira treatment and in the control (Fig. 3 and Fig. S2 ). In accordance with our study, low-molecular-weight carbon compounds like glucose have been reported to stimulate growth of bacteria belonging to the Gammaproteobacteria group, especially when applied in high concentrations (Øvreås et al., 2003; Pinhassi & Berman, 2003; Harvey et al., 2006) . In addition, the dominance of the families Colwelliaceae and Vibrionaceae as seen in our study in the glucose treatment has also been reported in other studies (Eilers et al., 2000a, b) , where these two families responded rapidly to culturing conditions. The family Colwelliaceae belongs to the order Alteromonadales, which are typically rare in situ (Eilers et al., 2000a, b) . In our study, a large fraction of Alteromonadales was detected in all four treatments. Reports have shown that bacteria belonging to this order seem to react to experimental manipulation (bottle incubation) rather than to nutrient manipulation (Eilers et al., 2000a, b; Beardsley et al., 2003) . The water treatment during the experiment, including filtration and stirring, might cause flocculation of colloidal material because of turbulence (Kepkay, 1994) . This might have benefited bacteria belonging to the Alteromonadales, as they can thrive on solid surfaces and particles (Acinas et al., 1999; Dang & Lovell, 2000) . On the other hand, the persistence of Alteromonadales seems to be influenced by the presence of glucose as a carbon source, as the abundance of bacteria belonging to this order was highest in this treatment (Fig. S2 ). This has also been reported from other experiments with glucose amendments (Allers et al., 2007) .
An explanation for the dominance of the families Vibrionaceae and Alteromonaceae might be linked to similarities in specific bacterial growth rates. In situations of carbon starvation, it has been demonstrated that bacteria belonging to Vibrionaceae maintain ribosomes in large excess that exceed the demand of protein synthesis (Flärdh et al., 1992) . Similar observations have been reported for bacteria belonging to the Alteromonadales (Eilers et al., 2000a, b; Pernthaler et al., 2001) . As a result, these bacteria might respond with rapid cell growth to substrate addition (Nyström et al., 1990) and, thus, have an advantage in the nutrient-rich treatments. Another explanation for the dominance of the two families Vibrionaceae and Alteromonaceae might be explained by the absence of grazers. Bacteria belonging to both these families have shown to be particularly sensitive to heterotrophic nanoflagellate grazing (Beardsley et al., 2003) . Both, the grazing and the growth rate effects may contribute to the observed dominance of these two families under our grazing free conditions despite their low abundance in situ.
Alphaproteobacteria have previously been shown to increase in the presence of algal blooms (Riemann et al., 2000; Pinhassi et al., 2004) . Our results show an increase in Alphaproteobacteria in the Thalassiosira treatment but not in the Phaeocystis treatment (Fig. 3) , supporting the assumption that phytoplankton plays an important role in shaping bacterial communities. The detected Alphaproteobacteria belong all to the family Rhodobacteraceae (Fig. S2a) , which are typically associated with phytoplankton blooms (Pinhassi et al., 2004) . Some species in this family have also demonstrated the availability to utilise phytoplankton-derived DOC (Zubkov et al., 2001) .
Bacterial community dynamics
In the glucose treatment, the dominance of Colwelliaceae on day 8 and Vibrionaceae on day 18 indicates a shift in Table 2 . Results of the t-test, assessing differences between Shannon indices of the different treatments (T = Thalassiosira, P = Phaeocystis, G = Glucose, C = Control). The Shannon indices of the bacterial community, which was also detected by DGGE (Fig. 2) .
One explanation for these shifts may be linked to viral lysis or differences in host sensitivity to phage infection. A variety of both lytic and lysogenic bacteriophages belonging to the same viral families have been reported to infect hosts belonging both to the Alteromonadales and Vibrionaceae family (Chow & Rouf, 1983; Wichels et al., 1998 Wichels et al., , 2002 Petrov et al., 2006; Gibb & Edgell, 2007) . Further, bacteriophage resistance mechanisms are easily developed in infected hosts (Labrie et al., 2010) . Thus, there is no obvious indication that these two host families should differ dramatically from each other with respect to interactions with their specific viruses and/or sensitivity for phage infections.
An additional effect contributing to the shift from Alteromonadales to Vibrionaceae might be linked to the competition success of Vibrionaceae with respect to mineral nutrient uptake. The consumption of glucose in excess to increase cell size (production of carbon-rich inclusion bodies) without a corresponding increase in nitrogen and phosphorous requirements has been reported for Vibrio splendidus (Thingstad et al., 2005) , a strain which was also detected in the glucose treatment in the present study (Fig. S2c) . This characteristic trait may allow the V. splendidus cells to be better competitors for mineral nutrients, which might enabled them to out-compete the dominating Alteromonadales in the first half of the experiment. Vibrio splendidus was also detected in the Thalassiosira treatment (Fig. S2a ), but at lower abundance than in the glucose treatment.
From the DGGE result, we could observe a very stable bacterial community structure for the first 12 days of the experiment (Fig. 2a) . This result seems to be partly contradictory to the sequencing results, which showed differences within the bacterial community on day 8 (Fig. 3) . The discrepancy in these results might be due to different level of resolution captured by the two methods. The amount of DGGE bands does not necessarily reflect the amount of different species and, thus, richness. Owing to heterogeneity of 16S rRNA gene (Fogel et al., 1999) , one bacterial species might produce more than one band on the gel (Dahllöf et al., 2000) and bands might migrate together to the same gel position . Although, DGGE seems to have its limitations in significance, more bands on day 18 (Fig. 2b) and, hence, a possibly higher richness is conform to higher richness on day 18 compared to day 8 within the analysed sequences (Table 1) . Although cloning might have a higher resolution than DGGE, our results indicate that the bacterial community still was under-sampled. The calculated ratio of unique sequences (presented as clusters in Table 1 ) to the estimated richness (Chao1 , Table 1) averaged 0.31 for the total amount of sequences, implying that approximately 70% of the phylotypes remained undetected. This may be due to the fact that cloning of PCR amplicons mainly targets the abundant phylotypes within the community (Acinas et al., 2005) .
Bacterial diversity -viral lysis
All treatments had a virus-to-bacteria ratio of 21 on day 0 and 35 on day 18, which is comparable with what is found under in situ conditions (De Corte et al., 2012) . This indicates that the viral-host interaction in our experiment was comparable with what is described in the marine environment for lytic viruses and their hosts. Although bacterial diversity of the two phytoplankton treatments and the control treatment was not significantly different from each other (Table 2 ), a higher t-value for the Phaeocystis-Thalassiosira comparison on day 8 (1.50) than on day 18 (0.04) showed that the bacterial diversity in the two phytoplankton treatments became more similar by the end of the experiment. However, Chao1 indices indicate an increasing divergence in richness towards the end of the experiment (Table 1 ). The observed difference in development of bacterial community structure and diversity in the two phytoplankton treatments are consistent with results of earlier studies that discussed the strong impact of phytoplankton communities on bacterial communities (Pinhassi et al., 2004) . Our results showed that the changes within bacterial diversity and community composition from day 8 to day 18 changed more within the Thalassiosira treatment than within the Phaeocystis treatment, but the total bacterial diversity and richness were higher in the Phaeocystis treatment than in the Thalassiosira treatment (Table 1) .
Significantly lower bacterial diversity and lowest evenness in the glucose treatment on day 18 as well as lower richness in the glucose treatment than in the two phytoplankton treatments (Table 1) indicate that organic matter supply might also play a role in defining bacterial richness and evenness, contrary to our hypothesis. Further, higher viral abundance (Fig. 1b) and decreasing bacterial abundance (Fig. 1a) at the end of the experiment might indicate a larger impact of virus on the bacterial community in the second part of the experiment. Differences in evenness and richness are more pronounced at the end of the experiment (day 18), which strengthen the idea that organic matter is more important in determining richness and evenness than in our simplifying hypothesis.
The model proposed by Thingstad (2000) conceptually operates with 'host groups', not with 'species' or 'strains'. Viruses are suggested to control abundance within each such host group. Richness of host groups is thus the ratio between total population size, here determined by the amount of substrate available, and the average size of the host groups, determined by the viruses. Thus, models of this type suggest that richness and evenness are controlled mainly by lytic viruses. The detected minor differences in evenness in our samples are thus in accordance with our hypothesis, while, contrary to the hypothesis, richness developed differently in the four treatments (Table 1) .
Our hypothesis of a clear separation between top-down control of richness and evenness, and bottom-up control of community composition, is clearly based on a 'simplest possible' conceptual model. The distinctions between topdown and bottom-up mechanisms become less clear if different host species have widely different interaction patterns with their respective viruses. This would create a feedback where a change in substrates creates a change in community composition that again leads to potential differences in the size distribution of host groups. With such a change in the size distribution of host groups, both richness and evenness could change in response to a change in substrate composition.
Small variations in the genome of a host may alter the infection success of a specific virus (Avrani et al., 2011) . Strains from the same species seem to share a core part of the genome, while there are variable genome regions coding for between-strain differences in their viral resistance (Rodriguez-Valera et al., 2009) . Although this will create new host groups, the change will probably not be detectable in the 16S rRNA gene. To increase the sensitivity of our method, we used 99% similarity for the determination of OTUs (host groups) rather than 97% normally used for definition of different species (Kunin et al., 2010) . We decided on 99% similarity for the determination of the OTUs and not 100% to take into account possible sequencing and PCR biases as discussed by Acinas et al. (2005) .
The problems arising in properly comparing data at species level to a model describing diversity at strain level can be illustrated by considering two extreme examples: it would theoretically be possible (1) to fill all the hostgroup niches with different species (one strain present for each species) or to (2) fill all the niches with different strains from one species. While richness and evenness at host-group level could theoretically be identical in the two cases, species diversity would obviously be very different. Unfortunately, this weakness in our present ability to observationally resolve the host community at strain level seems to create a situation where critical testing of models for virus-controlled diversity appears rather difficult.
Bottle experiments, as applied in our study, are in general presenting living conditions that are far away from conditions that occur in natural systems. Changing conditions for the bacterial community because of incubation might stimulate certain bacteria assemblages more than others, as it was eventually the case for the dominating Gammaproteobacteria in our study. By this, some changes within bacterial community compositions occur possibly due to rather the bottle incubation itself than certain treatments. However, bottle experiments are commonly used to investigate processes in microbial communities (e.g. Pinhassi & Berman, 2003; Alonso & Pernthaler, 2005; Sapp et al., 2007) , and the different development of certain factors in different treatments provide results that can contribute to more knowledge about basic principles in microbial communities.
The Ocean is a complex environmental system with great fluctuations in biological, physical and chemical factors that will have a direct and synergetic effect on the prokaryotic community. In this study, we intentionally made a strong simplification on how the prokaryotic community is regulated compared with in situ conditions. One of these simplifications was made by removing the top-down control mechanisms forced by heterotrophic grazers. Studies investigating the synergetic effect of the two top-down control mechanisms (viral lysis and predation by grazers) have shown that grazing may have a stimulating effect on the prokaryotic growth in addition to viral proliferation (Simek et al., 2001; Sime-Ngando & Ram, 2005; Weinbauer et al., 2007) and a reduction in the bacterial diversity . Contradictory, a reduction in bacterial production in the presence of both predator groups, accompanied by sustained prokaryote species richness, has also been reported (Zhang et al., 2007; Bonilla-Findji et al., 2009) .
Conclusion
Our results demonstrate that different carbon sources resulted in a difference in the community composition, confirming our hypothesis that present organic supply and the host competitive abilities will influence which organisms that fills the different niches. Nevertheless, the observation of high diversity in the treatment with only a simple carbon source (glucose) indicates that substrate diversity does not alone control bacterial diversity. Further, we hypothesised that diversity, number of host groups (richness) and the number of bacteria within the different host groups (evenness) are mainly controlled by viruses. In our experiment, similar evenness indices were found for the different treatments, supporting our hypothesis, however, the bacterial diversity was higher in the phytoplankton treatments, suggesting that substrate complexity also had a role in determining both richness and evenness in these samples. The complexity of microbial food webs makes the separation of factors determining bacterial diversity difficult, and in our study, substrate composition and viral lysis are suggested to act in concert.
